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ABSTRACT 

I n  1982, the  sockeye salmon, Uncorhynchus nerka, smolt  enumeration and 
sampling p r o j e c t  was cont inued as p a r t  o f  the  pre- lake  f e r t i l i z a t i o n  
eva lua t i on  program a t  Crescent Lake. 

I n c l i n e  plane t raps  were used i n  Crescent R iver  f o r  t he  f i r s t  t ime i n  1982 
t o  capture m ig ra t i ng  sockeye salmon smolts. The est imated number of sockeye 
smolts m ig ra t i ng  from Crescent Lake was 471,768 f_ 79,705. The est imate was 
based on a mark and recapture technique used du r i ng  each week o f  the  
migra t ion .  A1 though the  est imate was considered conservat ive due t o  the  
l o s s  o f  sampling t ime as a r e s u l t  o f  d r i f t i n g  i c e  i n  t he  r i v e r ,  and 
p e r i o d i c a l l y  making necessary adjustments t o  t he  t raps,  when t h e  t r a p s  were 
sampling, t he  e f f i c i e n c y  was cons i s ten t  throughout the  smol t  m igra t ion .  

Seventy-seven percent o f  the  t o t a l  smolt  catch dur ing  the  peak m ig ra t i on  
week o f  21-27 June was between the  t ime pe r i od  o f  2000 h and 0200 h. I n  
a d d i t i o n ,  80% o f  t he  smol t s  captured du r i ng  the  sampling pe r i od  i n  1982 
migrated a f t e r  the  i c e  had l e f t  the  l ake  which was j u s t  the  opposi te  o f  
t h a t  i n  1981. 

The weekly mean l eng th  o f  sockeye smolts g radua l l y  increased from the  
beginning o f  smolt  m ig ra t i on  on 24 May t o  14 June, then s l i g h t l y  decreased 
a f te rward  t o  the  end o f  t he  m i g r a t i o n  on 5 Ju l y .  A s h i f t  i n  age s t r u c t u r e  
t o  a g rea te r  percentage o f  age 2.0 (60% by composit ion) i n  1982 may have 
caused the  r e s u l t a n t  t r e n d  i n  weekly mean length.  

Age 1.0 sockeye smolts had a mean l eng th  o f  68.7 mm and a mean weight  o f  
2.7 g whereas the  age 2.0 sockeye smolts had a mean l eng th  of 75.7 mm and a 
mean weight of 3.6 g. A small number (0.8% by composit ion) o f  age 3.0 
sockeye smolts were captured. They averaged 80.3 mm i n  leng th  and 4.1 g 
i n  weight.  



INTRODUCTION 

Crescent Lake i s  a  semi -g lac ia l  l a k e  l o c a t e d  on t h e  west s i d e  o f  c e n t r a l  
Cook I n l e t  d i r e c t l y  n o r t h  o f  Tuxedni Bay and south o f  M t .  Redoubt (F i gu re  
Th i s  l a k e  i s  approx imate ly  10 km long,  3  km wide and 23 m i n  mean depth. 
A l l  f i v e  species o f  P a c i f i c  salmon i n h a b i t  t he  l a k e  and/or Crescent R i v e r  
however, sockeye salmon, Oncorhynchus nerka, i s  t h e  dominant species 
(Tarbox e t  a l .  1981). Other f i s h  species known t o  e x i s t  i n  Crescent Lake 
i n c l u d e  l a k e  t r o u t ,  SaZveZinus namaycush, rainbow t r o u t ,  SaZrno g a i r d n e r i ,  
Do1 l y  Varden, SaZveZinus rnalrna, coastrange scu lp i n ,  Co t tus  asper,  and 
t h ree -sp ine  s t i c k l eback ,  Gasterosteus acuZeatus. 

Th i s  was t h e  second consecut ive year  t h a t  smol t  sampling has been conducted 
a t  Crescent Lake. The smol t  sampling p r o j e c t  i s  p a r t  o f  a  comprehensive 
s tudy  t o  eva lua te  t he  p o t e n t i a l  of a  l a k e  f e r t i l i z a t i o n  enhancement program. 
A p re - l ake  f e r t i l i z a t i o n  assessment r e p o r t  i n c l u d i n g  t he  1981 smol t  da ta  
was prepared i n  May of 1982 (Koenings and Ky le 1982) i n  which t h e  recommen- 
d a t i o n  was made t o  f e r t i l i z e  Crescent Lake. The 1982 smol t da ta  w i l l  be 
used i n  con junc t i on  w i t h  pas t  and f u t u r e  da ta  t o  eva lua te  t h e  e f f e c t s  o f  
n u t r i e n t  enr ichment on salmon p r o d u c t i v i t y  i f  t h e  proposed 1 ake f e r t i  1  i z a -  
t i o n  p r o j e c t  i s  conducted. 

The purpose o f  t h e  smol t  sampl ing p r o j e c t  was t o  d e f i n e  s i ze ,  age 
composit ion, number, and t i m i n g  o f  sockeye smol ts  m i g r a t i n g  f rom Crescent 
Lake. I n  a d d i t i o n ,  an e v a l u a t i o n  o f  t h e  use o f  i n c l i n e  p lane  t r a p s  t o  
cap tu re  smolts i n  Crescent R i v e r  was made and t h e  use o f  severa l  d i f f e r e n t  
s t a i n s  f o r  marking smol ts  was a l s o  evaluated.  

METHODS AND MATERIALS 

M i g r a t i n g  sockeye smolts were captured f rom Crescent R i v e r  (F i gu re  1)  us ing  
f i v e  i n c l i n e  p lane t raps .  The frames o f  t he  t r a p s  were cons t ruc ted  o f  
angled aluminum w i t h  vexar  p l a s t i c  n e t t i n g  on t h e  s ides,  and p e r f o r a t e d  
aluminum p l a t e s  on t h e  bottoms i n  a  tapered- fo lded  des ign (F igu re  2 ) .  The 
V-shaped t roughs p rov ided  f o r  a  maximum water  screening sur face,  minimum 
d e b r i s  and smol t  impingment, and most impo r tan t l y ,  were designed t o  
e l i m i n a t e  a pressure wave i n  f r o n t  o f  t h e  t r a p s  so t h a t  smolts were l e s s  
l i k e l y  t o  sense t h e i r  presence. A l i v e - b o x  was a t tached t o  t h e  end of 
each t r a p  and was a l s o  cons t ruc ted  o f  angled aluminum f o r  t h e  frames, 
w i t h  p e r f o r a t e d  aluminum p l a t e s  on t h e  sides, and plywood on t h e  bottoms 
and back panels  (F igu re  2) .  When the  water  v e l o c i t y  became t o o  g r e a t  t o  
1  i f t  t h e  t r a p s  o u t  of t h e  r i v e r  by hand, a  saw-horse s t r u c t u r e  cons t ruc ted  
of a  wood frame w i t h  a hand crank at tachment was used (F igu re  2 ) .  

The t r a p s  were suspended f rom a 0.95 cm cab le  s t r e t c h e d  across and above 
Crescent R i v e r  a t  a  l o c a t i o n  t h a t  was 19.5 m f rom one s i d e  t o  t h e  o t h e r  
(F i gu re  3).  The t r a p s  sampled t h e  upper 1  m o f  water  and a l i n e a r  w i d t h  
of 6.1 m o r  30% o f  t he  t o t a l .  The c ross-sec t iona l  area sampled v a r i e d  
w i t h  a  f l u c t u a t i n g  discharge, however t h e  average area sampled was 12%. 

The t r a p s  were sampled con t i nuous l y  beginn ing 24 May u n t i l  6  J u l y .  A l l  
f i s h  captured were i d e n t i f i e d  by species and i n d i v i d u a l l y  enumerated four  



Crescent  Lake 

379 x 106 m3 
Sur face Area 1,647 ha Sca le :  2.8 cm = 1.0 km 

Bottom con tours  i n  f e e t  

F i g u r e  1. Map o f  Crescent  Lake showing geographica l  l o c a t i o n ,  b a t h y m e t r i c  data ,  and l o c a t i o n  of 
smol t sampl ing s i t e .  
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plate (0.95 cm) 

Figure 2.  Diagram of incline plane traps used to  capture sockeye smolts in Crescent River, 1982. 



F i g u r e  3. Arrangement o f  t h e  f i v e  i n c l i n e  p lane  t r a p s  used t o  c a p t u r e  sockeye smol ts  i n  Crescent  
R ive r ,  1982. 



t imes a  day (2000 h, 0200 h, 0800 h  and 1400 h ) .  On severa l  occassions t h e  
t r a p s  had t o  be removed o r  r e l o c a t e d  due t o  d r i f t i n g  i ce ,  i nc reas ing  water  
v e l o c i t y ,  o r  ope ra t i on  adjustments.  For example, on 1  June t r a p s  3  and 5  
were swept downstream by i c e  f l o e s  and consequent ly were s l i g h t l y  damaged. 
As a  r e s u l t  o f  i nc reas ing  v e l o c i t y  and d r i f t i n g  i ce ,  t h e  t r a p s  were moved 
on 2  June upstream t o  a  s i t e  where t h e  v e l o c i t y  was slower,  however t h e  
ca tch  e f f i c i e n c y  severe ly  decreased because t h e  v e l o c i t y  was t o o  slow and 
a l lowed smol ts  t o  avo id  t h e  t r aps ,  so t h e  t r a p s  were r e l o c a t e d  on 5  June 
back t o  t h e  o r i g i n a l  s i t e .  I n  a d d i t i o n ,  on 15 June a  v e r t i c a l  g i l l  n e t  
(1  .5 x  3.0 m x  9.5 mm s t r e t c h  measure) hung be1 ow t r a p s  1  and 5  (F igu re  3)  
f o r  two hours i n d i c a t e d  t h a t  smol ts  were m i g r a t i n g  under t h e  t r aps ,  as a  
r e s u l t ,  t h e  f l o a t s  o f  each t r a p  were removed and covered w i t h  b u r l a p  i n  t h e  
f r o n t  and on t h e  bottom i n  an a t tempt  t o  e l i m i n a t e  t r a p  avoidance. Other 
t r a p  avoidance eva lua t i ons  were conducted on 17 and 20 June. 

Sockeye s c a l e  samples and leng th -we igh t  measurements were c o l l e c t e d  f rom 20 
smolts i f  <1,000 smolts were captured i n  one day, 30 if 1,000-3,000 were 
captured,  40 i f  3,000-5,000 were captured,  and 50 i f  more than 5,000 were 
captured. The mean l eng th ,  weight ,  and age c l a s s  d i s t r i b u t i o n s  were 
weighted accord ing  t o  t h e  r e l a t i v e  magnitudes o f  t h e  smol t  ou t -m ig ra t ions  
d u r i n g  t h e  weekly sample p e r i o d  and f o l l owed  t h e  procedures f o r  s t a t i f i e d  
random sampl i n g  by Cochran (1963). Scale samples were randomly se lec ted  
from smolts measured f o r  l e n g t h  and weight .  Scales were taken f rom t h e  
p r ima ry  sca le  growth area (Scar recch ia  1979) and p laced on g lass  s l i d e s  f o r  
l a t e r  age a n a l y s i s  (Koo 1962). Smol t s  were anes the t i zed  w i t h  MS-222 and 
measured f o r  f o r k  l e n g t h  t o  t h e  neares t  m i l l i m e t e r  and weighed t o  t h e  
nea res t  0.1 g. 

The ca t ch  e f f i c i e n c y  o f  t he  t r a p s  were determined by weekly mark and 
recap tu re  ana l ys i s .  Each week 200-500 smol ts  were p laced i n  an aera ted  
tank  c o n t a i n i n g  a  s o l u t i o n  o f  Bismark Brown dye ( 1  :30,250) f o r  one hour. 
The dyed smol ts  were then t r anspo r ted  t o  a  r i f f l e  area i n  Crescent R i v e r  
approx imate ly  1.0 km upstream o f  t h e  t r a p s  and evenly  d i s t r i b u t e d  across 
t h e  r i v e r .  

I n  t he  event  more f requent  ca t ch  e f f i c i e n c y  de te rmina t ions  had t o  be made 
( i  .e. over lapp ing  mark pe r i ods )  two o t h e r  dyes (Eriochrome Black and 
Neut ra l  Red) were t e s t e d  aga ins t  t h e  Bismark-Brown dye f o r  t h e i r  a b i l i t y  
t o  mark smolts.  The t e s t  concen t ra t ions  o f  these dyes were 1:30,250 which 
was t h e  same as t h a t  success fu l l y  used f o r  Bismark Brown and 1:126,000 
which was t h e  concen t ra t i on  a t  which Eriochrome Black marked smolts w i t h  
l i m i t e d  success i n  1981. The smolts were a l s o  dyed i n  these t e s t  s o l u t i o n s  
f o r  one hour, then h e l d  i n  1  ive-boxes t o  observe c o l o r  r e t e n t i o n  and 
m o r t a l i t y .  Dur ing  each t e s t  an equal number o f  c o n t r o l s  (undyed smo l ts )  
were h e l d  sepa ra te l y  f o r  t h e  same t ime p e r i o d  i n  t h e  same l i ve -box .  

The weekly and seasonal est imates o f  m i g r a t i n g  smolts were based on a  
method descr ibed  by Rawson (1981). Th is  method used t h e  ca tch  e f f i c i e n c y  
( i  .e. p r o p o r t i o n  o f  dyed smolts recap tu red)  t o  es t imate  t h e  p r o p o r t i o n  of  
t h e  t o t a l  m i g r a t i o n  be ing  sampled. 



Physical parameters including r iver  stage height, mean water temperature, 
precipitation, and l ight  measurements in Crescent River were taken daily. 
River stage heights were measured in meters with a Stevens s t a f f  gauge 
located a t  the smolt sampling s i t e .  Water temperatures were measured with 
a calibrated Taylor maximum-minimum recording thermometer. Precipitation 
measurements were recorded in centimeters with a Taylor rain gauge. 
Incident l igh t  measurements were taken in Crescent River with a Protomatic 
submersible photometer and were expressed as percent of incident l igh t  a t  
0.3 m depths from surface t o  bottom. 

RESULTS 

Smol t Out-Migration Estimate 

During four of the f ive times that  the dye marking and recaptu e method was 5 conducted (Table 1 ),  the percent recaptures were consistent (x = .69 
d.f .  = 3 ) .  The l a s t  mark and recapture on 28 June was considerably lower 
due to the loss of c r i t i ca l  sampling time immediately a f t e r  the release of 
marked smolts. On 28 June the water velocity began to readily increase in 
Crescent River. In f ac t ,  the r iver  stage height increased 0.8 m during the 
night (Appendix Table A ) .  The increasing discharge caused the 1 i ve-boxes 
t o  be submerged the night of 28 June and hence allowed smolts to escape. 
On 29 June the traps were moved 15 m upstream t o  slower water so that  the 
live-boxes were sufficiently above the surface and holding smolts. The 
greatest  number of marked smolts from th i s  release were then recaptured 
the next day (30 June), so i t  was obvious that  marked smolts were not 
representatively recovered for  t h i s  mark and recapture period. 

The seasonal migration estimate was 471,768 + 79,705 a t  the 95% confidence 
interval (Table 2 ) .  The estimate does not include the week of 27 May through 
6 July. 

Seasonal and Die1 Migration Pattern 

The peak seasonal migration occurred 21-27 June (Table 2 )  when the average 
water temperature was 6.g°C and the highest water temperature (8.0°C), 
was recorded, and a f t e r  the ice had me1 ted off Crescent Lake (Appendix 
Table A ) .  Nearly 80% of the sockeye smolts captured migrated a f t e r  ice-out 
in 1982 which was just  the opposite of that  in 1981. In addition, the peak 
migration (21-27  June) occurred when the percent incident l igh t  in Crescent 
River began to decrease a t  each depth measurement, which was a f t e r  20 June 
(Figure 4) .  From the surface to  the 1.0 m depth, which was the sampling 
depth of the t raps,  the percent incident 1 ight decreased by 8% between 
the weeks of 14-20 June and 21-27 June. 

The die1 migratory pattern for  the peak period (21-27  June) showed that  
77% of the captured smolts migrated between 2000 h and 0200 h (Figure 5 ) .  
During the remaining periods (0200-0800 h ,  0800-1400 h ,  and 1400-2000 h )  
the smolts migrated more uniformally. The only minor exceptions to  th is  
migratory pattern was the catch in traps 2 and 4 in which the majority of 
smolts migrated between 0200 h and 0800 h .  However, when combined these 



Table 1. Mark and recap tu re  da ta  o f  sockeye smolts m i g r a t i n g  i n  Crescent River ,  1982. 

Date Time Number Time Mark Date Number Percent 
Marked Marked Marked Released M o r t a l i t i e s  Recaptured Recaptured Recaptured 

lDue t o  increased water  v e l o c i t y  t he  t r a p s  were n o t  f i s h i n g  as e f f i c i e n t l y  beg inn ing  on 27 June 
and had t o  be moved 15 m upstream t o  s lower  water  v e l o c i t y .  



Table 2. Weekly catches and est imates o f  sockeye smol ts  m i g r a t i n g  f rom 
Crescent Lake i n  1982. 

Weekly Weekly Capture Est imated number o f  sockeye 
p e r i o d  ca t ch  e f f i c i e n c i e s  srnolts t 95% confidence i n t e r v a l  

511 7-5/23 44 

6/21 -6127 17,211 0.094 

6/28-7/062 678 0.012 

To ta l  41,988 

l T h i s  p e r i o d  ca tch  i s  f o r  31 May t o  0100 on 1 June. 

2 N i  ne-day per iod .  



5/24-5130 5131-616 617-6113 6114-6/20 6121-6/27 6/28-6130 

Date 

F i g u r e  4. Represen ta t i ve  p e r c e n t  i n c i d e n t  l i g h t  i s o p l e t h s  f o r  Crescent  
R i v e r  i n  1982. 
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two t r a p s  represented l e s s  than 3% o f  t he  catch, and thus  t h e  m ig ra to r y  
p a t t e r n  f o r  these two t r aps  were n o t  r ep resen ta t i ve .  Traps 1  and 5  caught 
87% o f  t h e  t o t a l  number o f  smol ts  cap tu red  d u r i n g  t h e  peak m i g r a t i o n  per iod .  

Smol t S i ze  and Age 

A subsample o f  1,611 sockeye smol ts  was measured t o  determine t h e  mean 
l e n g t h  and weight.  The mean l e n g t h  was 71.7 mm and t h e  mean we igh t  was 
3.1 g. The m a j o r i t y  (84.1%) o f  t h e  t o t a l  sampled were between 66 and 80 mm 
i n  l e n g t h  (F igu re  6 ) .  

The age composi t ion was determined from a  subsample o f  954 sockeye smolts.  
Age 2.0 dominated t he  age c l ass  composi t ion rep resen t i ng  n e a r l y  60% o f  t h e  
t o t a l  (Table 3 ) .  The age 1  . O  smol ts  represented 39.6% o f  t h e  t o t a l ,  w h i l e  
l e s s  than 1% were age 3.0 smolts.  The mean s i zes  o f  t h e  age 1.0 and age 2.0 
smolts were 68.7 mm i n  l e n g t h  and 2.7 g  i n  we igh t  and 75.7 mm i n  l e n g t h  
and 3.6 g  i n  weight ,  r e s p e c t i v e l y .  

The weekly mean l e n g t h  g r a d u a l l y  increased u n t i l  t h e  week o f  14-20 June, 
then s l i g h t l y  decreased a f t e rwa rd  t o  t h e  end o f  t he  m i g r a t i o n  on 5  J u l y  
( F i g u r e  7 ) .  The weekly mean we igh t  shows t h e  same t r e n d  as t h e  l e n g t h  
except  f o r  t h e  week o f  7-13 June when t h e  we igh t  s l i g h t l y  decreased. 

The weekly age d i s t r i b u t i o n  (Table 4)  revea led  t h a t  85% o f  t h e  smolts l e s s  
than 70 mm were age 1.0 and t h a t  83% of the  smol ts  g r e a t e r  than 70 mm were 
age 2.0. A d d i t i o n a l l y ,  i n  1982 t h e  dominance o f  smolts l e s s  than 70 mm and 
t h e  p r o p o r t i o n  o f  age 1.0 smolts decreased w i t h  t ime u n t i l  t h e  peak migra-  
t i o n  week o f  21-27 June, a f t e r w h i c h  bo th  increased. 

Dye Marking Tests  

The t e s t s  o f  t h e  a b i l i t y  o f  t h e  t h r e e  d i f f e r e n t  dyes t o  mark sockeye smolts 
showed t h a t  t h e  Bismark Brown dye had e x c e l l e n t  c o l o r  r e t e n t i o n  on t h e  
e n t i r e  body o f  t h e  f i s h  f o u r  days a f t e r  dy i ng  and had good c o l o r  r e t e n t i o n  
on t h e  f i n s  a f t e r  e i g h t  days, w i t h  o n l y  4% m o r t a l i t y  (Table 5 ) .  However, 
bo th  t h e  Eriochrome Black and t he  Neut ra l  Red dyes d i d  n o t  adequately mark 
t h e  smol ts  a t  e i t h e r  o f  t h e  two d i f f e r e n t  concen t ra t ions  (1  :30,250 and 
1  : 126,000) and had much h ighe r  mor ta l  i t y  (19-90%). 

Trap Avoidance 

Resu l ts  of submerging t h e  v e r t i c a l  g i l l  n e t  below t r a p s  1  and 5  (F igu re  3 )  
i n d i c a t e d  t h a t  8-10% o f  t h e  m i g r a t i n g  smolts were avo id i ng  these t r a p s  
(Tab1 e  6 ) .  However, t h i s  f i g u r e  must be cons idered conserva t i ve  because 
when t h e  n e t  was r e t r i e v e d  f rom Crescent R i v e r  some o f  t h e  smolts t h a t  were 
cap tu red  i n  t h e  n e t  were l o s t  due t o  t h e  s w i f t  water  v e l o c i t y .  

DISCUSSION 

U n l i k e  t h e  ca tch  e f f i c i e n c i e s  o f  t h e  ne t s  used t o  cap tu re  srnolts i n  1981 
(Ky le  and Koenings 1982), t h e  ca t ch  e f f i c i e n c i e s  o f  t h e  i n c l i n e  p lane t r a p s  
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Figure 6 .  Length frequency dis t r ibut ion of sockeye smol t s  sampled from Crescent River, 1982. 



Table 3. Age, we igh t  and l e n g t h  da ta  of sockeye smolts sampled f rom Crescent R iver ,  1982. 

Age c l ass  
Age Number composi t ion - +95% Mean sample - +95% Length Mean sample - +95% Weight 

c l a s s  sampled (percen t )  C .  I. l e n g t h  (mm) C . I .  range (mm) we igh t  ( g )  C . I .  range ( g )  
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Table 5. Resu l ts  o f  dye s t a i n i n g  t e s t s  conducted on sockeye smolts i n  Crescent R iver ,  1982. 

Type o f  Number D a i l y  m o r t a l i t i e s  
Date s t a i n  Concent ra t ion  s ta i ned  S ta ined  Cont ro l  Co lo r  r e t e n t i o n  d e s c r i p t i o n  
5/28 Eriochrome 1 :126,000 5  0  S l i g h t  dark  s t a i n  on body 

Black 
5/29 15 0  None 
5/30 4  0  None-stained groups l e s s  a c t i v e  

than c o n t r o l  

5/30 Neut ra l  1  :126,000 5  0  2  3  0  T ips  o f  f i n s  s l i g h t l y  s t a i n e d  
Red 

5/31 2 2 0  None 

6/02 Bismark 1  :30,250 200 
Brown 

6/03 
6/04 
6/05 
6/06 
6/07 
6/08 
6/09 
611 0  

Excel l e n t  

Excel l e n t  
Excel l e n t  
Good 
Fading s l i g h t l y  on body 
Body c o l o r  fad ing ;  f i n s  v i s i b l e  
S t a i n  on f i n s  s t i l l  d i s t i n g u i s h a b l e  
S t a i n  on f i n s  s t i l l  d i s t i n g u i s h a b l e  
S t a i n  on f i n s  s t i l l  d i s t i n g u i s h a b l e  

6/12 Eriochrome 1  : 30,250 100 8  0  Da rk l y  s t a i n e d  
Black 611 3  24 0  Co lo r  faded on body; s l i g h t  

c o l o r a t i o n  on f i n s  
611 4  2  0  Co lo r  l o s t  

6/14 Neut ra l  1 : 30,250 100 Deep r e d  s t a i n  on e n t i r e  f i s h  
Red 

611 5  19 1  Body c o l o r  l o s t ;  f i n s  s t i l l  s t a i ned  
611 6  20 0  Co lo r  l o s t  on e n t i r e  f i s h  



Table 6. Est imated avoidance o f  t r a p s  1 and 5 by m i g r a t i n g  sockeye smol ts  i n  
Crescent R iver ,  1982. 

Number caught i n  t r a p s  Number caught below t r a p s  Est imated t r a p  
Date Trap 1 Trap 5 Trap 1 Trap 5 avoidance ( % )  



used in 1982 did not show a s ign i f i can t  var ia t ion when physical conditions 
within Crescent River changed. For example, when the l i g h t  penetration 
decreased due t o  increased gl aci a1 tu rb id i ty  , and the discharge ( r i v e r  s tage  
height)  increased due t o  rain and run-off, the catch e f f i c ienc ies  remained 
within a range of 9.4-11%. 

The catch e f f i c ienc ies  from the dye mark and recapture technique (9.4-11%) 
compared favorably t o  the t r ap  avoidance experiments in which a minimum of 
8-10% of the smolts migrating during the t e s t  period avoided the t raps .  
Thus, the mark and recapture technique served as a good indication of the 
catch eff ic iency of the t r aps  and the estimates f o r  the sampling time 
periods must have been valid.  

The arrangement of the f i ve  t raps  in Crescent River evidently provided an 
avoidance/diversion pattern t o  migrating smolts since t raps  1 and 5 (Figure 
3) caught nearly 90% of the captured smolts. The f ron t  three  t raps  ( t r aps  
2, 3 and 4 )  must of presented a conspicuous ba r r i e r  t o  the migrating 
smolts and as  they avoided the f ron t  t r aps  by passing between them they did 
not sense t raps  1 and 5. This migration behavior ( i  .e.  the i nabi 1 i t y  of 
smolts t o  detect  t raps  1 and 5) may have been influenced by the increased 
veloci ty  and hence a t t r a c t i on  between the f ron t  t raps  and/or the peak die1 
migration occurring during darkness (2000-0200 h ) .  

The seasonal out-migration est imate of 471,768 + 79,705 sockeye smolts 
during the  sampl ing period of 24 May through 6 J u l y  must be considered 
conservative. The loss  of sampling time during the week of 31 May and 
6 June, and other  br ief  periods f o r  adjustments of the  t r ap s ,  in addit ion 
t o  the  escape of marked smolts on 26 June, reduced the out-migration 
est imate by an unpredictable amount. T h u s ,  the  estimate should be used as 
one which i s  low, ye t  r e l a t i ve ly  accurate f o r  the periods t h a t  were sampled 
by the  t raps .  

In 1982 the age s t ruc tu re  s h i f t  t o  a greater  number of age 2.0 smol t s  (60% 
by composition compared t o  30% in 1981) consequently changed the  pattern of 
migration. The trends found in 1981 of the dominance of smaller smolts 
((70 mm) and a g rea te r  proportion of age 1.0 smolts as the migration 
proceeded in time was just the  opposite of t h a t  which occurred in 1982. 
During 1982 the dominance of smolts l e s s  than 70 mm and the proportion of 
age 1.0 smolts decreased with time unt i l  the peak of migration (21-27 
June),  afterwhich both increased. 

In addit ion t o  the change in migration pat tern ,  the  s h i f t  in age s t ruc tu re  
in 1982 s l i g h t l y  increased the  percentage of smolts in the dominant length 
frequency range. That i s ,  in 1981 80.7% of the sampled smolts were 66-80 
mm whi l e  in 1982 84% were 66-80 mrn in length. However, the mean s i z e s  of 
age 1.0 and age 2.0 smolts were qui te  s imi lar  in both years. In 1981 age 
1.0 sockeye smolts averaged 68.1 mm in length and 2.8 g in weight while in 
1982 age 1.0 smolts averaged 68.7 mm and 2.7 g. The age 2.0 srnolts in 1981 
averaged 75.6 mm and 3.8 g while i n  1982 they averaged 75.7 mm and 3.6 g. 

Most of the sockeye smolts produced from the 1979 adul t  escapement (except 
possibly a small number of age 3.0 smol t s )  have migrated out  of Crescent 



Lake e i t h e r  i n  1981 o r  1982. As a  r e s u l t ,  a  comparison can be made between 
t h e  est imated p o t e n t i  a1 smol t produc t ion  based on accepted s u r v i v a l  and 
fecund i t y  r a t e s  and t h e  est imated smol t  p roduc t ion  based on the  1981 and 
1982 sampling. 

The sockeye escapement i n  1979 was 87,000 of which 77% were females (Tarbox 
e t  a l .  1981). No fecund i t y  measurements are a v a i l a b l e  f o r  t h e  Crescent 
Lake sockeye however, t he  accepted average fecundi ty  f o r  sockeye i s  3,000 
eggs per  female. I f  t h i s  f ecund i t y  i s  representa t i ve ,  t h e  p o t e n t i a l  egg 
depos i t i on  was 200.9 x  106 (87,000 x  0.77 x  3,000). Based on s tud ies  by 
Drucker (1970), E l  l i s  and McNeil (1979) and Foers te r  (1968) t he  egg t o  f r y  
s u r v i v a l  approximates 10%. Using t h i s  f i g u r e ,  20.1 x l o 6  r e a r i n g  sockeye 
f r y  were produced from t h e  1979 escapement. F ry  t o  smol t s u r v i v a l s  a l s o  
range around 10% (Foers te r  1968) so the  p o t e n t i a l  smol t product ion from t h e  
1979 escapement was approximately 2  m i l l i o n .  

I n  comparison, t he  est imated smolt  p roduc t ion  from the  1979 escapement based 
on the  sampling conducted i n  1981 and 1982 was r e l a t i v e l y  s i m i l a r .  That i s ,  
i n  1981 the  est imated smolt  m ig ra t i on  was 2.01 m i l l i o n  bu t  composed o f  72% 
age 1  .O smolts (Ky le  and Koenings 1982). Thus, 1.4 m i l l i o n  o f  t h e  1981 
smolt  m igr  t i o n  were age 1.0 and the  product  o f  t he  1979 escapement 8 (2.01 x 10 x  0.72). I n  1982, t h e  age 2.0 smol t s  represented 60% o f  t he  
t o t a l  smol t produc t ion  and were the  remaining smol t s  produced from the  
1979 escapement. The 60% represented another approximately 0.3 m i l l i o n  
smolts (472,000 x  0.60). Combining both age classes, t he  sample data 
i n d i c a t e d  t h a t  a  t o t a l  est imate o f  1.7 m i l l i o n  sockeye smolts were produced 
from t h e  1979 escapement. 

F i n a l l y ,  t he  use o f  i n c l i n e  plane t r a p s  i n  Crescent R iver  g r e a t l y  reduced 
the  opera t iona l  problems t h a t  were p rev ious l y  encountered w i t h  the  use of 
f yke  ne ts  t o  sample m i g r a t i n g  sockeye smol t s .  Sampl i n g  r e s u l t s  i n d i c a t e d  
t h a t  t he  t raps  operated f a r  more e f f i c i e n t l y  than the  nets,  i n  view o f  
t he  f a c t  t h a t  more smolts were captured, cont inuous sampling was accom- 
p l i shed,  and debr is  load ing  was reduced. 



RECOMMENDATIONS 

Since, during the f i r s t  two years of smolt sampling a t  Crescent Lake some of 
the data (e.g. magnitude of out-migration estimates, age structures,  and 
migration character is t ics)  were inconsistent, the smol t sampl ing project 
should continue in order to  further evaluate these differences. In addition, 
future (1983 and 1984) smolt out-migration estimates in conjunction with 
rearing fry estimates obtained through use of hydroacoustic equipment will 
provide an estimate of the fry to  smolt survival. Thus, c r i t i ca l  salmon 
production data wi 11 become avai lable for  evaluation of the proposed lake 
f e r t i l i za t ion  project. 
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APPENDICES 



Appendix Table A .  Cresent River s t age  he ight ,  mean water temperature, and 
c l imato logica l  da ta  f o r  t he  period 24 May through 5 July 1982. 

River s t age  
Date he ight  (rn) 

5/24 1.13 
5/25 1.25 
5/26 1.35 
5/27 1.59 
5/28 1.72 
5/29 1.75 
5/ 30 1.77 
5/31 1.88 
6/01 1.99 
6/02 2.23 
6/03 2.36 
6/04 2.39 
6/05 2.45 
6/06 2.59 
6/07 2.64 
6/08 2.57 
6/09 2.62 
6/10 2.93 
6/11* 3.42 
611 2 3.45 
611 3 3.35 
6/14 3.18 
611 5 3.10 
6/16 3.00 
611 7 2.95 
6/18 3.00 
6/19 3.04 
6/20 3.12 
6/21 3.15 
6/22 3.15 
6/23 3.12 
6/24 3.18 
6/25 3.66 
6/26 3.68 
6/27 3.85 
6/ 28 4.62 
6/29 4.82 
6/30 4.57 
7/01 4.43 

Overcast/broken 
Clear 
Intermi t t a n t  r a in  
Rain 
Rain 
In t e rmi t t an t  r a in  
Clear  
Clear 
Overcast/broken 
Clear  
Clear  
Overcast 
Rain 
Rain 
Intermi t t a n t  r a in  
Intermi t t a n t  r a i n  
Intermi t t a n t  r a i n  
In t e rmi t t an t  r a in  
In t e rmi t t an t  r a in  
I n t e r m i t t a n t  r a in  
Intermi t t a n t  r a in  
Overcast 
In t e rmi t t an t  r a in  
Overcast 
Overcast/ broken 
Overcast/broken 
Overcast 
Overcast 
Intermi t t a n t  r a i n  
Rain 
Intermi t t a n t  r a i n  
Clear  
Clear  
Clear  
Overcast 
Rain 
Intermi t t a n t  r a in  
In t e rmi t t an t  r a in  
Rain 
In t e rmi t t an t  r a in  
In t e rmi t t an t  r a i n  
Overcast 
Intermi t t a n t  r a in  

Trace 
2.11 
4.72 
0.84 
0.23 
1.70 
1.85 
1.73 
0.86 
1.22 
Trace 
0.31 

Trace 

4.60 
0.33 
0.64 
1.68 
0.10 
0.18 
Trace 
0.41 

*Date on which the  i c e  meltedldisappeared from Crescent Lake. 
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